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Coconut Mesocarp-Based Biofilter Material And Its Use In A Wastewater 

Treatment System 

[0001] This application claims priority from pending Canadian Patent 
Application No. 2, 405,062 filed on September 20. 2002. 

Field of the Invention 

[0002] The present invention generally relates to biofiltration 
materials for filtering a fluid. More particularly, it concerns a biofilter material 
comprising fragments of coconut mesocarp, and to the use of such biofilter 
material in a {Cocos spp, in particular Cocos nucifera) wastewater treatment. 

Background of the Invention 
Use of Coconuts 

[0003] In order to better understand the background section of this 
document, reference will be made to Figure 1 which is a schematic 
representation of a cross-section of a coconut (1). 

[0004] The thin and smooth outer layer that surrounds a coconut (1) 
is called the epicarp (3). This epicarp (3) covers a middle layer called 
mesocarp (4) consisting of fibers (5) bound-up with reserve parenchymous 
tissue (6), as best shown in Figure 2, and herein below called parenchyma. 
On its side, the mesocarp (4) covers the endocarp (7) also called the stone 
which covers the endosperm (8) also called the kernel. Finally, in the center of 
the coconut (1), we find the water (9). According to studies done on this 
subject, a typical coconut, without the endocarp, the endosperm and water, 
weighs an average of 227g and contains 34% parenchyma, 47% fiber and 
19% epicarp on a dry weight basis. 
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[0005] It is worth mentioning that several prior art documents also call 
the epicarp the exocarp, whereas other prior art documents define the 
exocarp as comprising, in combination, the epicarp and the mesocarp. The 
exocarp is also referred to as the husk. However, for the sake of the present 
application, the word epicarp is only used to refer to the thin skin covering the 
mesocarp (4) and the word husk is used whenever necessary to refer to the 
combination of mesocarp with the epicarp. 

[0006] Currently, the coconut industry relies mainly on the use of the 
oleaginous kernel, the endosperm (8), contained in the endocarp (7). This 
kernel (8) is often used for dietary needs or in the production of copra oil 
intended for specific uses. 

[0007] Additionally, the mesocarp fibers (5) surrounding the kernel (8) 
are the object of industrial activities in certain Asian industrialized countries. 
These fibers (5) are used in the making of woven and braided articles, of 
padding materials, etc. The extraction of the fiber (5), whether it is through 
dry or wet processes, requires some or all of the following steps: crushing, 
grinding, carding and sieving. Such processes yield clean fibers of variable 
lengths and quality, freed from the parenchyma (6). This parenchyma (6) 
creates a waste consisting mainly of dust that can reach 2 to 3 mm in 
diameter. Very often, this waste is disposed of, at a loss, through burning. 

[0008] However, it is already known in the horticulture industry that 
this form of waste can be used for the production of horticultural substrate. It 
should be noted that, in countries where there is no fiber production, the husk, 
which includes the epicarp (3) and the mesocarp (4), with or without the 
endocarp, is a waste in its entirety that must be disposed of, usually through 
burning. 
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[0009] In the last few years, some small industries have been cutting 
and grinding coconut husks to produce sections of fibers (5) attached to 
parenchyma (6), thus creating a bound-up mass of a given dimension, ( as 
shown in figure 2A). These parenchymous and fiber particles are used in the 
production of specialized horticultural substrates intended, among other 
things, for orchid production. The cutting of shell husks is done on a more or 
less small scale. French patent FR 2,692,833 describes different principles 
and processes that allow the production of husk fragments made of bound-up 
fibers and parenchyma. Practical experience has shown that it is difficult to 
obtain fragments of bound-up fibers and parenchyma of less than 3 mm. The 
natural resistance of the fibers causes a rupture of the fragments, thus 
dissociating the fibers and parenchyma, when one attempts to cut or grind 
them to dimensions that are inferior to 3 mm. 

[00010] Other examples of the use of coconuts in a variety of 
applications are given in JP1 1-291272; JP57-1 87003; JP61 -220797; 
EP0348670; US4,160,727; US5,264,129; US5,750,026: US5,868,924; 
US6,010.626; US6,027.652; US6,033,559; US6.033,573; US6,056,876; 
US6,107,242; US6,129,846; US6.165.366; US6, 174.433; US6,189.260; 
US6,224,768; US6,383,386; US6,391,120; US200 1/0047955; 
US2002/0008071; US2002/0030020; US2002/0060176 

Wastewater Treatment 

[00011] The use of biofilters or filters is well known in the field of 
wastewater treatment. The most widespread way of treating domestic 
wastewater consists of using a filtration bed of a given height made of porous 
materials and fed by a water system. The chosen packing material allows the 
retention of particulate matter and the fixation of micro-organisms that are 
responsible for the oxidation, among other things, of carbonaceous and 
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nitrogenous matters. To fulfill these functions adequately in a context of 
commercial industrial production, the ideal packing material must meet 
different specific characteristics which, up to date, are not found in a single 
material. The main characteristics that are sought after are summarily 
presented herein below: 

[00012] the material should be stable with respect to the erosive 
action, in the long term, of water percolating through the mass of material and 
also with respect to biological degradation associated with the action of 
different microbial populations developing therein; 

[00013] the same material should be light or of low density and 
compressible to reduce transportation costs; 

[00014] also, the compressed material should possess a high intrinsic 
resilience allowing it to reacquire its initial volume after subsequent bulking. 
This same characteristic also avoids gullying or compaction of the filtration 
mass resulting from the energy dissipation linked to the percolation of water 
through the operating system; 

[00015] the physical and chemical characteristics of the material 
should also promote an adhesion of or a colonization by micro-organisms. 

[00016] these same characteristics should ensure a good 
hydrophilicity of the material thus permitting a better efficiency when the 
system is initially fed in water or after its interruption for a more or less long 
period; 

[00017] the chosen material should be available in a variety of grain 
size distributions so as to allow control of the porosimetry of the filtration 
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mass and, from then on, control of its principal hydrodynamical characteristics 
(in particular, its gas and liquid retention hold-up); 

[00018] the chosen material should possess an intrinsic porosity that 
favors capillary or static water retention. On one hand, this type of retention 
permits a better stability of the system when the flow rate of water to be 
treated varies over short periods of time or when the operational conditions 
require several intervals without water supply, which is characteristic of on- 
site wastewater systems. On the other hand, the availability of capillary water 
retention maximizes the residence time of contaminants dissolved in the 
liquid phase when the latter possesses percolating velocities favoring an 
exchange between capillary and dynamic liquid retention; 

[00019] the voids In the filtration mass, which are sites for liquid or 
gaseous dynamic retention, should not possess too high a level of sinuosity 
and tortuosity in order to maximize oxygen transfer in the gaseous phase. 
The oxidation capability of the system is directly proportional to this oxygen 
transfer capability; 

[00020] the production of the selected material should be performed in 
the most economical manner possible while minimizing generation of residues 
or waste; 

[00021] in the context of sustainable development, the selected 
material should be natural, renewable and be subjected to a regeneration or 
recycling following its use as a filtration material. 

[00022] The different materials currently used to pack biofilters 
dedicated to wastewater treatment possess some of the characteristics 
described hereinabove, but none of them adequately meet all of the described 
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requirements- The following summary analysis of these materials highlights 
their weaknesses and main stumbling blocks. 

[00023] Sand is the most widely used material for on-site construction 
of filters for treatment of domestic wastewater when the natural soil is 
incompatible with a direct disposal of the effluent to be treated. Its weight, 
high density as well as restricted choice of grain size distribution, greatly limit 
the use of sand for the large scale development of a commercial industrial 
product, in particular for transportation reasons. Furthermore, the weak 
capillary retention of water resulting from the lack of intrinsic porosity affords a 
material which is sensitive to variations in the hydraulic loading rate. 

[00024] Variations in the mineral composition of the sand filter are also 
provided in an attempt to bypass some of the restrictions associated with 
sand alone. A good example of this is the already known expanded periite- 
based filter. The friability of the material annihilates any advantage obtained 
in terms of lightness and intrinsic porosity. The same comments apply to the 
zeolith filters distributed by the company £parco which encounter the 
problems of excessive material costs. 

[00025] Peat-based biofilters are also available (Premier Tech patent 
US 5,206,206; Bord Na Mona patent US 5,049,265) and offer several 
advantages in comparison with sand-based filters. However, the low 
resiliency of peat, its reduced stability and its limited hydrophilicity affect the 
capacity and lifetime of peat-based filtration masses. 

[00026] A combination of peat with synthetic materials like geotextiles 
in a vertical configuration allows some of the above-described limitations to be 
overcome (PCT/CA01/01022). However, any gain involves a significant 
increase in manufacturing costs and restrictions in terms of the rehabilitation 
of the filtration mass used. Moreover, the impossibility to compress new 
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material can increase distribution costs of tlie system depending on the 
applicable hydraulic load. 100% textile-based biofilters (Reactex™ or 
Advantex^"^) or polyurethane foam (Aerocel^'^) filters encounter the same 
restrictions in terms of cost and regeneration problems. 

[00027] Although different types of filters and biofilters are already 
known, there is still a need for a biofilter made of an optimal packing material 
which will meet a majority, if not all, of the requirements described 
hereinabove. 

Summary of the Invention 

[00028] It is an object of the present invention to provide a biofilter 
material for biofiltering a fluid which satisfies this need. In accordance with 
the present Invention, that object is achieved with a mesocarp-based biofilter 
material comprising fragments of coconut mesocarp. The expression coconut 
mesocarp being intended herein to define a material comprising at least one 
of the components constituting the mesocarp of a coconut, namely the 
parenchyma and the fibers. 

[00029] In accordance with different aspects of the invention, the 
fragments of mesocarp comprise only fragments of parenchyma, only 
fragments of fibers, or fragments of both parenchyma and fibers. 

[00030] More preferably, the mesocarp comprises a mixture of the 
parenchyma bound-up to the fibers, the parenchyma particles coafing the 
fibers. 

[00031] The mesocarp fragments of the invention can be used in 
combination or not with epicarp fragments and/or encocarp fragments. 
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[00032] Mesocarp fragments, with or without epicarp fragments, 
represent an interesting alternative for the packing of non-saturated systems 
used In the treatment of contaminated liquids. Indeed, it has been 
discovered that the use of mesocarp or husk of coconuts as a packing 
material in filter beds offers surprising results and advantages with respect to 
known packing materials already used in the field of water treatment. This 
material indeed meets a majority if not all of the requirements described 
above as will be further explained below. It has been discovered that coconut 
mesocarp fragments offer untapped possibilities for the development of 
percolating filtration beds also within the scope of the invention, 

[00033] One must note that the biofilter material of the invention may 
further comprise coconut endocarp and/or epicarp fragments in addition to the 
mesocarp fragments, as for example the fragments shown In Figures 2b and 
2c. 

[00034] The present invention also provides a wastewater treatment 
system including a filter bed which comprises as a biofilter material, fragments 
of coconut mesocarp as just described. 

[00035] More particulariy, the invention is directed to the use of bound- 
up fibers and parenchymous particles as a filtration media for treatment of 
wastewater. These particles can be used alone, or in combination with other 
materials. In both cases, the configuration of the filtration media can be 
isotropic or anisotropic according to the desired properties. 

Brief Description of the Drawings 

[00036] Other objects and advantages of the invention will become 
apparent upon reading the detailed description and upon referring to the 
drawings in which: 
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[00037] Figure 1 is a schematic representation of the morphology of a 
coconut {Cocos nucifera). 

[00038] Figure 2 is a schematic representation of bound-up fibers and 
parenchyma particles, as used in some of the preferred embodiments of the 
present invention. This figure shows fragments comprised of mesocarp alone 
(2A), fragments comprised of mesocarp and endocarp (2B) and fragments 
comprised of mesocarp and epicarp (2C). 

[00039] Figure 3 is a schematic representation of biofilters used in 
water treatment according to two preferred embodiments of the invention. 
More precisely, figure 3 shows isotropic filtration beds comprised of particles 
of bound-up fibers and parenchyma of small (A) and large (B) diameters. 

[00040] Figure 4 is a schematic representation of biofilters used in 
water treatment according to other preferred embodiments of the invention. 
More precisely, figure 4 shows filtration beds comprised of fragments of 
bound-up fibers and parenchyma of variable diameter, in either an isotropic 
(A) or anisotropic (B) configuration. 

[00041] Figure 5 is an example of a grain size distribution curve for an 
isotropic filtration bed incorporating particles of bound-up fibers and 
parenchyma with a diameter greater than 3 mm, as well as isolated 
parenchyma with a diameter smaller than 3 mm (the latter are shown as 
hatched). 

[00042] Figure 6 is a schematic representation of a complete water 
treatment system for domestic wastewater including a septic tank and a 
biofilter with a filtration bed according to a preferred embodiment of the 
invention. 
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Description Of Preferred Embodiments 

[00043] In the following description, similar features in the drawings 
have been given similar reference numerals and in order to lighten the figures, 
some elements are not referred to in some figures if they were already 
identified in a preceding figure. 

Definitions 

[00044] In order to provide a clearer and more consistent 
understanding of the specification and the claims, including the scope giveri 
herein to such terms, the following definitions are used: 

[00045] Epicarp (3): the epicarp is the thin and smooth outer 
layer skin that surrounds a coconut (figure 1 , element 3); 

[00046] Endocarp (7): the endocarp (7) is the core or stone of the 
coconut which contains the endosperm, the endosperm being the white edible 
portion of a coconut; 

[00047] Mesocarp (4): the mesocarp (4) is the middle layer 
between the epicarp (3) and the endocarp (7); It comprises fiber and 
parenchymous tissue also called parenchyma. 

[00048] Husk: the husk of a coconut comprising the mesocarp in 
combination with the epicarp. 

[00049] Referring to figures 3 or 4, the biofilter material (10) for 
biofiltering a fluid comprises fragments (12) of coconut mesocarp. Turning 
now to figure 2, such fragments (12) may consist of: 
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[00050] a mixture of parenchyma (6) bound-up to fibers (5) as shown 
in Figure 2a, or 

[00051] a mixture of epicarp, parenchyma (6) and fibers (5) as shown 
in Figure 2c; or 

[00052] a mixture of endocarp, parenchyma (6) and fibers (5), as 
shown in Figure 2b ; or 

[00053] parenchyma (6) only (not illustrated), or fibers (5) only , (not 
illustrated). 

[00054] More preferably, the fragments (12) of coconut mesocarp 
comprise a mixture of parenchyma (6) bound-up to fibers (5), as shown in 
figure 2a, with or without epicarp and/or endocarp. 

[00055] In accordance with a further preferred aspect, the fragments 
(12) of parenchyma bound-up to fibers are used in combination with additional 
filtering materials, such as peat, mineral filtering material, for example, sand, 
gravel, perlite etc., or synthetic filters materials, for example, geotextile or 
polymeric material, to gain an even greater control of the properties of the 
filtration bed. It is possible to obtain an isotropic mixture of fragments of 
parenchyma bound-up to fibers having a diameter greater than 3 mm, in 
combination with isolated parenchyma particles with a diameter smaller than 3 
mm. Consequently, as shown in Figure 5, the invention allows a filtration bed 
having a more spread-out grain size distribution curve which incorporates 
finer particles. These finer particles play a fundamental role in the removal of 
pathogenic micro-organisms such as fecal coliformes. 
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[00056] Preferably, the biofilter material comprises from 20% to 
80% by weight of fragments of mesocarps. More preferably, it comprises 
50%, when in combination with another biofiltering material. 

[00057] Referring to figure 6, the invention also concerns a 
wastewater treatment system (20) embodying a filter bed (22) comprising the 
biofilter material (10) and a water system adapted to direct water to the 
biofilter bed to be treated. In the preferred embodiment of figure 6, the 
wastewater treatment system (20) comprises a conventional septic tank (24), 
a biofilter unit (26) and a water distribution system (29) between the septic 
tank (24) and the biofilter unit (26) to direct the water to the biofilter unit (26). 
The biofilter unit (26) comprises a filter chamber (28) containing the filter bed 
(22). As can be appreciated, the filter bed (22) may comprise only fragments 
(12) of mesocarp as described above or it could advantageously comprise an 
additional biofilter material (30) such as sand, peat, gravel, perlite, geotile or 
polymeric material. More preferably, and as shown in figure 6, the additional 
biofiltering material is peat which is preferably in the form of a layer of peat 
(30) topping a layer of the biofilter material (10). Such an anisotropic 
configuration capitalizes on each materiaFs strong point. Peat, being less 
costly and less stable, protects the more expensive particles of parenchyma 
bound-up to fibers, which are more stable and resistant to compaction (figure 
6). 

[00058] The filter chamber (28) has an inlet (32) for receiving the water 
from the distribution system (29) and an outlet (34) for discharging a treated 
water. The water enters the housing flowing from the Inlet (32) to the outlet 
(34). Preferably, the inlet (32) is located in an upper portion of the chamber 
(28) above the filter bed, (22) and the outlet (34) is located in a lower portion 
of the chamber (28) below the filter bed. 
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[00059] Although not illustrated, the filter bed (22) of a wastewater 
treatment system, in accordance with a further preferred embodiment of the 
invention, simply consists of a layer of the mesocarp-based biofilter material 
(10) defined above covering natural soil for treating the water further. The 
biofilter material according to the invention can thus be used as a substitute to 
gravel or in combination with gravel in a drainfield. 

[00060] The use of a layer of particles of parenchyma bound-up to 
fibers placed on top of a natural soil of lesser permeability than said layer, 
constitute another application of an anisotropic bed comprising an additional 
material. Here again, each layer fulfils a specific function: particles of 
parenchyma bound-up to fibers carry out a roughing treatment, thus 
protecting the layer of soil responsible for the polishing of the affluent to be 
treated. 

[00061] In one aspect of the invention, homogeneously sized 
fragments of parenchyma bound-up to fibers are confined to form a filtration 
medium with a narrow grain size distribution curve (low coefficient of 
uniformity). In a given bed, choice of particle size modulates the level of 
treatment reached (figure 3). For example, larger particles provide a lower 
treatment level than with finer particles. 

[00062] However, this latter strategy necessitates more frequent 
surface maintenance because of the accumulation of particulate matter 
coming from the affluent to be treated and from the biomass resulting from the 
growth of micro-organisms responsible for biodegradation or pollutant 
transformation. 

[00063] In another application of the invention, the use of larger 
particles opens the door to a system operating in a recirculation mode as 
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opposed to finer particles which are more often limited for use in single 
percolation operations. 

[00064] In another embodiment of the invention, the fragments (12) of 
parenchyma bound-up to fibers used in the filtration bed (22) are of different 
sizes. These fragments can be placed in different layers of homogenous 
particle size, for example, from the larger to the finer particle size, to create an 
anisotropic configuration allowing a specialization of the properties of each 
level of the filtration bed. These same fragments can also be mixed uniformly 
to create an isotropic filtration with a specific grain size distribution, as shown 
in figure 4. 

[00065] Therefore, according to the invention, a wastewater treatment 
system may embody a filter bed (22) comprising fragments (12) of different 
grain sizes, and with either an isotropic or an anisotropic grain size 
distribution. 

Tests Results 

[00066] Examples of the filtering capability of four different filtering 
media according to the invention are given in Table 1 where TSS represents 
the total suspended solids in the water effluent discharge and BOD5 represent 
the biochemical oxygen demand of the water effluent. 



Table 1: Performance of Biofilters according to their filtering media 



Filtering media 


Parenchyma 


coconut 
mesocarp 
(fibers bound- 
up 

parenchyma) 


Peat + 
parenchyma 


Peat + coconut 
mesocarp 
(fibers bound- 
up 

parenchyma) 


TSS reduction 
(%) 


98 


85 


97 


96 
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BODs 

reduction (%) 


98 


89 


99 


98 



Further Comments And Observations On The Present Invention 

[00067] The development and studies conducted by the inventors 
allowed them to set forth the following comments and observations with 
regards to the invention. 

[00068] - The high lignin content of the fibers and parenchyma, in a 
lower concentration, ensures a superior stability when compared to the 
stability obtained with peat or with most other porous biological materials. 
Moreover, the particles of parenchyma bound-up to fibers are less friable 
given the high level of cohesion observed in natural coconut shells. 

[00069] - Particles of parenchyma bound-up to fibers possess 
lower densities than that of peat and are approximately twice as 
compressible. The coconut can reach a compaction factor of the order of 
four, as opposed to a maximum of two for peat. 

[00070] - The resiliency and stability of fiber and parenchyma 
particles, resulting from their high lignin content and from the physical 
structure of the two components, explains in part the high level of resistance 
to observable compaction. Indeed, a filtration bed made of peat of a 
thickness of 80 cm has a level of compaction of 20% after a few months of 
operation, while a filtration bed made of fiber and parenchyma particles only 
shows a slight compaction, mostly attributed to a rearrangement of the 
particles under the influence of water. 
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[00071] - The coconut shell residues favor microbial colonization. 
For exannple. the coconut fibers can be used to manufacture microbiological 
beds or matts for the treatment of contaminants in the environment (US patent 
6,033.559). 

[00072] - The residues of coconut exocarp are used as horticultural 
substrates at humidity levels of the order of 20% while peat-based substrates 
must have humidity levels greater than 40% and require the use of wetting 
agents. 

[00073] - Depending on the size of the coconut shell in its natural 
state and the transformation process used, the particles of coconut fiber and 
parenchyma offer a great freedom in the choice of grain size distribution. 
Moreover, the possible range of grain size distribution is increased when 
combining particles of parenchyma bound-up with fiber with particles of 
isolated parenchyma. 

[00074] - The parenchymous tissue, owing to its reserve role, 
presents an alveolar or cavity-type structure which gives it, once dried, a great 
capability for retaining capillary or static water. 

[00075] - The possible control at the levels particle grain size 
distribution and morphology minimizes, when needed, the sinuosity and 
tortuosity of the spaces and voids in the filtration bed, where dynamic liquid 
and gaseous retention takes place. 

[00076] - The cutting and grinding operations required in the 
manufacturing of fiber and parenchyma particles are relatively simple. 
Moreover, one must consider that the raw material represents waste that the 
manufacturers must spend money on to dispose of properly. Finally, no 
residue or waste is produced when transforming the shells into particles. 
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[00077] - The use of coconut shells In filtration beds is ideal in a 
context of sustainable development, since it relies on the rehabilitation of an 
organic waste which can be reused through composting after Its utilization for 
water treatment. 

[00078] Although preferred embodiments of the present invention have 
been described in detail herein and illustrated in the accompanying drawings 
and test results, It is to be understood that the invention is not limited to these 
precise embodiments and that various changes and modifications may be 
effected therein without departing from the scope or spirit of the present 
invention. 
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